Free-end torsion tests were carried out on polycrystalline copper samples at room temperature, 125C, 200C and 300C. The lengths of the samples increased at room temperature and 125C, but increased and then decreased at 200C and 300C. Pole figures were measured on these samples at increasing shear strains up to ), 11. ODF's were calculated from the pole figures, which enabled the texture development at the two higher temperatures to be distinguished from that observed at the two lower temperatures. Analysis of these ODF's indicates that the low temperature torsion textures are entirely attributable to dislocation glide and can be predicted by means of the conventional texture development programs of crystal plasticity. By contrast, the high temperature textures display evidence for dynamic recrystallization, the occurrence of which seems to be responsible for the shortening. Dynamic recrystallization removes the {100} (110) or C component and strengthens the rotated cube and the 111 (110) or A components.
INTRODUCTION
The length changes that take place when copper rods are twisted under conditions of free axial movement have been studied by a number of researchers (Swift, 1947 , Hardwick and Tegart, 1961 , Stiiwe and Turck, 1964 , Morozumi, 1965 , Bailey et al., 1972 , Sekine et al., 1981 . It was generally observed that there is lengthening at the initiation of straining. Shortening takes place at high strains (), > 5, Morozumi, 1965) when the temperature is raised above 200C. Above 500C, shortening is observed almost from the beginning of twisting (Hardwick and Tegart, 1961, Morozumi, 1965) . Initially (111) textured copper wires also show shortening behavior, even at room temperature (T6th et al., 1991a, 1991b) .
These experimental studies paid little attention to the texture and to the microstructural changes taking place during straining. A comprehensive investi- gation in which texture variations were detected was conducted by Montheillet and co-workers (1984, 1985) for fixed end torsion. That work and other theoretical simulations (Gil Sevillano et al., 1975, Canova et al., 1985, T6th and  Jonas, , T6th et al., 1988 , 1991a , 1991b , Harren et al., 1989 have revealed the relationship between axial effects and texture evolution.
In the present paper, experimental results are presented for the large strain shear (2<),<12) of copper bars twisted under free-end conditions. The experiments were conducted at four temperatures up to 300C. Development of the texture was followed by means of pole figures and ODF analysis. These reveal the presence of small "tilts" of the ideal components with respect to their symmetry positions, as was observed in the fixed end case (Montheillet et al., 1984 (Montheillet et al., , 1985 . Evidence was also found for the occurrence of dynamic recrystallization at higher temperatures, which is considered to be responsible for the shortening behavior, as discussed in more detail elsewhere (T6th et al., 1992 be seen, which is relatively short at the highest temperature (300C). The torque/angle of twist data were converted into shear stress/shear strain curves (Figure lb) . These initially display stage III work hardening, followed by stage IV. At all temperatures, a maximum stress is attained which is followed by softening. Numbers indicate the deformation temperature in C.
Pole Figures
The shear textures present just before fracture are displayed in the form of (111) Figure  3 , and the latter are also listed in Table 1 .
The texture at room temperature (Figure 2a, (1984, 1985) and predicted theoretically by Gilormini et al. (1991) . At 125C (Figure 2b , y= 10.5), the {111) pole figure is similar to the room temperature one. The only difference is that the maximum intensity is about 30% 2d, y= 11); this is accompanied by a decrease in the strength of the A orientation and a considerable intensification of the A// component, see Table   2 . Of further interest is the appearance of a rotated cube component. As can be seen from Figure 3b , the introduction of this component is responsible for the intensity difference between the two centro-symmetric A// texture components in Figure 2d . This topic is considered in greater detail in the ODF section that follows.
3.30DF Results
In this section, the ODF results obtained from 10 selected samples are displayed in the form of (I) . 8 Figure  6b ), so that the computed volume fractions for A// are incorporated into all three fibres (Table 3) .
A further aspect of torsion textures is the "tilts" of the texture components away from their ideal or symmetrical positions (Gil Sevillano et al., 1975 , Sekine et al., 1981 , Montheillet et al., 1984 , Toth et al., 1988 ). These small rotations were measured from the ODF's and are displayed in Table 4 . Negative (Figure 6a ) and the key to the ideal orientations (Figure 6b ). It can be seen from Figure 6a that the initial texture is fairly strong. The sharpest orientations are the A', A and the A// torsion components, which are part of the (111) By applying the same principles to the rotated cube components for the higher temperature cases (Figure 7) , however, the predicted locations do not coincide with the observations. As discussed in more detail in Section 4, these components were probably introduced by the occurrence of dynamic recrystallization.
Deformation leads to the intensification of the C component (100} (110) and to the appearance of the B/I) compon_en_t ({112} (110)). A continuous fibre develops that can be described as A', A, B, C, B, A, A, see Figure 6b (T6th et al., 1988) . As the strain is increased from 2 to 5.5 to 11.0, the principal change noted is the gradual weakening of the A' (at y 5.5) and of the A' (at , 11). This has been explained by Gilormini and co-workers (1991) as being due to the successive lattice rotations of A' into A, A into C, and then C into A. The 125C ODF (Figure 5 ) has the same general features as the previous one.
The influence of increasing the temperature can be seen to much greater effect in Figure 7 . The fibre texture described above and attributable to deformation glide (T6th et al., 1988 (T6th et al., , Harren et al., 1989 ) is still evident (see Figure  7b for ), 4 at 300C); however, several new components have appeared which are not part of the deformation fibre. One example is the rotated cube component ({350}(530)) due to dynamic recrystallization, which can be seen at several locations along the top of each O2 constant section.
DISCUSSION
The lengthening behavior at low strains has been discussed and explained in some detail by numerous workers (Gil Sevillano et al., 1975 , Harren et al., 1989 . axis of the specimen in the sense of the applied shear (T6th et al., 1988, 1990) .
During the initial formation of the texture, a relatively large length increase takes place up to shears of , 2-3 (first linear stage in Figure la ). Figure la ).
The tilts of the A/,, B/I] and C components are all shear opposite below strains of 4-5 (Table 3) and shear parallel at larger strains. As indicated above, this is attributable to the characteristics of the rotation field (see T6th et al., 1988, 1990 . For the deformation texture predictions, the rate sensitive Taylor model was employed. For the strain path, the length change curve corresponding to the 300C test was prescribed and applied to the initial texture. This procedure is justified because, during free end twisting, individual elements of a given bar are not free to change their dimensions at will and the axial strain must be the same for all grains, at least on average. That is, different layers are constrained by each other in the bar. Only the boundary condition for zero axial force must be satisfied.
The result of such a simulation is plotted in {111} pole figure form in Figure 8 for a rate sensitivity of rn 0.125. The texture shows a small tilt in the sense of the shear and a strong C component. When this texture is compared to the experimental one, the main difference is the relative absence of the C ideal orientation in Figure 2d . A second difference is the introduction of the rotated cube component of Figure 3b , which is responsible for the intensification of one of the two sets of A/A peaks in Figure 2d . These Thus the shortening behavior of heavily twisted copper bars appears to be a consequence of a dynamic recrystallization process that is initiated at elevated temperatures. Such a process leads to discrete grain reorientations that convert the orientation distribution from one in which the majority of the grains reside in the "lengthening" portions of the axial strain rate map (T6th et al., 1990) to one in which most are located in the "shortening" regions. The characteristics of this reorientation process and its effect on the axial strain rate are beyond the scope of the present paper and will be presented in a separate publication (T6th et al., 1992 
